Abstract Ordered Functional Decision Diagrams (OFDDs) are a data structure for representation and manipulation of Boolean functions. A polynomial time algorithm for the test whether f g for functions f and g given by OFDDs is presented. This is the last basic operation on OFDDs whose complexity was unknown. The result also solves an open question on the complexity of minimizing OFDDs for incompletely speci ed functions.
Introduction
In many applications like logic synthesis, circuit veri cation or model checking representations for Boolean functions are needed. Such representations should allow to store many important functions succinctly and to manipulate them e ciently. Besides Ordered Binary Decision Diagrams (OBDDs) many variants of OBDDs have been suggested. Ordered Functional Decision Diagrams (OFDDs) introduced by Kebschull, Schubert and Rosenstiel 4] are such a variant that has been proved successful in applications (see e.g. 5] ). The complexities of most operations on OFDDs are determined by Becker, Drechsler and Werchner 1] and by Werchner, Harich, Drechsler and Becker 7] . From the list of important operations on OFDDs in 7], only the complexity of the inclusion operation is unknown. This operation is the question whether f g for two functions f and g given by OFDDs. Since negation is simple for OFDDs this is equivalent to the question whether for two functions f and g it holds that f^g = 0 or f _ g = 0, respectively. These operations are used, e.g., in order to determine whether 9 x f 6 = 0 before computing a representation for 9 x f .
On OBDDs the test whether f g can be performed e ciently by computing an OBDD for f^ g and testing whether this OBDD represents the function 0. This approach is not feasible for OFDDs because computing the AND operation on two OFDDs may cause an exponentially larger result 1]. In this note we prove that in spite of this possible exponential blow-up the test f g for OFDDs can be done in polynomial time. This also solves the open question of Bollig, L obbing, Sauerho and Wegener 2] whether the problem of minimizing OFDDs for incompletely speci ed functions by assigning don't cares is contained in N P . Together with the N P -hardness result for this problem from 2], it follows that this problem is N P -complete.
Results
Before we state the result, we brie y recall the main di erences between OBDDs and OFDDs and we repeat recent results of Waack 6] POBDDs are graph representations of Boolean functions like OBDDs, but in POBDDs each node may have an arbitrary number of 0-successors and 1-successors. Now each input may de ne several computation paths in a POBDD rather than only one path as in the case of OBDDs. A POBDD computes the output 1 on some input a if a de nes an odd number of computation paths from the source to the 1-sink. Waack 6] proves that from POBDDs G f and G g for f and g a POBDD for f^g can be computed in The test whether f^ g = 0 is a nonsatis ability test, which can be performed in time Theorem 1: The test whether for functions f and g given by OFDDs G f and G g it holds that f g can be performed in time O(njG f j 3 jG g j 3 ).
f and G h with the same variable ordering describing a function f and the function h de ning the careset of f are given. The question is whether there is some extension of f with an OFDD with the same variable ordering and size of at most k. In 2] the problem is proved to be N P -hard but it remained open whether this problem is contained in N P . As already pointed out in 2], it is an easy conclusion from Theorem 1 that this problem is contained in N P . First an OFDD G g of size at most k has to be guessed. Then one has to check whether g is an extension of f . This can be done in polynomial time by checking whether h f g. Altogether, we obtain the following corollary:
Corollary 2: Minimization of the OFDD size for incompletely speci ed Boolean functions in N P -complete. 
